Background: The aim of the present study was to compare hemoglobin (Hb) levels determined by point-of-care testing (POCT) HemoCue ® and arterial blood gas analyzer using an automated hematology analyzer in critically ill geriatric patients. Methods: Forty geriatric patients requiring intensive care treatment were included in the study. Arterial blood sample was analyzed using HemoCue ® (HemoCue
Introduction
The etiology of anemia is multifactorial in the intensive care unit (ICU). The causes of anemia are the changes in iron metabolism, hemodilution, hemorrhage, increased red cell destruction, bone marrow suppression and reduced action of erythropoietin [1, 2] . Vincent et al. reported that if the patients stay longer than 7 days in the ICU, they had a red blood cell transfusion rate of 73% [3] . Also, diagnostic blood loss due to phlebotomy and repetitive laboratory testing is another important factor causing blood loss [4] . The impact of anemia in the elderly patients increases the mortality and morbidity in the ICU due to hemodynamic disorders, cardio-respiratory complications, confusion and cognitive decline and falls [5] . The International Committee for Standardization in Hematology recommends an automated analyzer as the gold standard for hemoglobin (Hb) measurement in the clinical laboratory [6] . However, the test reporting time may be delayed in the period between the drawing of blood and laboratory analysis. Point-of-care testing (POCT) devices can be operated using small sample volumes with a brief training. HemoCue ® is a portable analyzer that uses the azide-met-Hb reaction and photometry. Only a drop of blood (10 μL) is placed on a cuvette and the device displays the Hb concentration in 15-60 s [7] . Arterial blood gas analyzers provide rapid analysis of traditional blood gas elements such as PH, PO 2 and also Hb concentration. Cell Dyne 3700 is an automated hematology analyzer which is defined as the gold standard in clinical laboratories. The aim of this study was to determine the accuracy of HemoCue Capillary , HemoCue Arterial and blood gas analyzer for Hb measurement and compare it with that of the automated laboratory analyzer in geriatric 
Materials and methods
The trial was registered at http://www.clinicaltrials.gov (NCT03509987). Approval for this study was obtained from the Local Ethical Committee and the study was conducted in the ICU of Kecioren Training and Research Hospital, Ankara, Turkey. We accepted patients as geriatric if they were ≥65 years old. Forty patients with ages 65 years and older who required Hb analysis in the intensive care treatment were enrolled in this prospective study. Invasive arterial pressure was monitored in all the patients. The Hb level of each subject was recorded using four different methods: HbHemoCue Arterial , HbHemoCue Capillary , Hb BGA and Hb Lab . Arterial blood sample was obtained from each patient via an arterial line. After eliminating the tubing dead space, arterial blood was drawn in a 10 mL syringe and a portion of this sample was placed into a 2.5 mL heparinized syringe and analyzed using a blood gas analyzer (Techno Medica, Gastat 1800 series, Yokohama, Kanagawa, Japan) (Hb BGA ). The absorption of the Hb derivatives measured at specific wavelengths is directly proportional to their concentration. In the blood gas analyzer, 120 μL blood is needed for analysis and the device displays the Hb concentration in approximately 50 s.
Arterial blood sample of 2.5 mL was placed in an appropriate tube containing ethylenediamine tetraacetic acid (EDTA) for a complete blood count (CBC) in the automated hematology analyzer. The automated hematology analyzer (Cell Dyne 3700 System, Abbott Laboratories, IL, USA) was defined as the gold standard for Hb measurement in this study (Hb Lab ) was obtained from the finger punctures of non-intravenous fluid infusion site after cleaning the sampling point. The first three drops of blood were wiped away. The fourth drop was used for the cuvette photometry. The presence of air bubbles was assessed before administering the blood sample into the device and 10 μL blood was used for the capillary analysis with HemoCue ® . Patient characteristics, norepinephrine administration, peripheral edema at the sampling site, the reason for the patients' admission to the ICU were recorded. The presence of edema was based on "pitting". We used a grading system. The severity of bilateral pitting edema was defined as: 1+ (mild): both feet/ankles; 2+ (moderate): both feet, lower legs, hands or lower arms; 3+ (severe): generalized bilateral pitting edema, including both feet, legs, arms and face.
Statistical analysis was performed using SPSS 22.0 (SPSS Inc., Chicago, IL, USA). Agreements between HbHemoCue Arterial , HbHemoCue Capillary , Hb BGA and Hb Lab were assessed by the method of Bland-Altman, calculating the bias (mean difference) and limits of agreement (bias ± 1.96*standard deviation [SD]). The automated whole blood analyzer was considered as the gold standard and the Pearson's correlation coefficient (r) was calculated to assess the correlation with HbHemoCue Arterial , HbHemoCue Capillary and Hb BGA . p < 0.05 was considered statistically significant.
Results
Forty critically ill patients, 15 men (37.5%) and 25 women (62.5%) of ages 65 years and older were enrolled in the study. The mean ± SD value of age was 74.7 ± 8.9, 65% of the patients were in the postoperative period, 15% had neurologic disorders (cerebrovascular infarct, hemorrhage), 5% had cardiovascular disorder and 15% had sepsis. Eight patients (20%) were receiving norepinephrine. Fifteen patients (37.5%) needed mechanical ventilation. Only four patients (10%) had moderate pitting edema at the sampling site. The characteristics of the patients are presented in Table 1 .
The sample size was set to a minimum of 150 measurements (40 patients each 3-4 measurements) according to Bland and Altman recommendations for a precision of 0.3 SD of the 95% confidence interval (CI) of the limits of agreement [8] .
The mean HbHemoCue Arterial , HbHemoCue Capillary , Hb BGA and Hb Lab were 10.12 ± 1.9 g/dL, 10.44 ± 2.3 g/dL, 11.9 ± 3.2 g/dL and 10.7 ± 2.1 g/dL, respectively. The bias between HbHemoCue Arterial and Hb Lab was 0.64 g/dL and the limits of agreement were −1.03 ± 2.31 g/dL ( Figure 1 ). There was a significant correlation between HbHemoCue Arterial and the reference Hb Lab (r = 0.922, p < 0.001).
The bias between HbHemoCue Capillary and Hb Lab was 0.32 g/dL and the limits of agreement were −2.5 ± 3.14 g/ dL (Figure 2 ). There was a significant correlation between HbHemoCue Capillary and the reference Hb Lab (r = 0.799, p < 0.001).
The bias between Hb BGA and Hb Lab was −1.20 g/dL and the limits of agreement were −4.45 ± 2.05 g/dL (Figure 3 ). There was a significant correlation between Hb BGA and the reference Hb Lab (r = 0.878, p < 0.001). Bland-Altman analysis showed a better agreement of HbHemoCue Arterial and HbHemoCue Capillary with Hb Lab than the agreement of Hb BGA with Hb Lab .
There was a positive correlation between HemoCue Arterial and HemoCue Capillary (r = 0.83, p = 0.001).
Both the POCT systems were not affected by the norepinephrine administration (p > 0.05). Peripheral edema at the sampling site had an effect on HemoCue Arterial , HbHemoCue Capillary and Hb BGA (p < 0.05). Only Hb Lab was not affected from peripheral edema at the sampling site (p = 0.1).
Discussion
Anemia has been significantly associated with mortality in older adults [9] . Anemia is a common complication because of blood losses due to acute traumatic hemorrhages in the postoperative period, due to chronic diseases, liver dysfunction, repeated blood extractions, disseminated intravascular coagulation (DIC), iron or other deficiency disorders among others in the ICU [3] . In this prospective study, we found that HemoCue ® cuvette photometry test procedures showed a good correlation with the gold standard laboratory test. These results show that the HemoCue ® can be recommended for use in geriatric patients without peripheral edema for Hb estimation in the ICU. To to the best of our knowledge, there have been no published studies investigating the accuracy of POCT in geriatric intensive care patients.
Riessen et al. found that critically ill ICU patients are at high risk for iatrogenic blood loss and development of anemia [10] . In a recent study, Lelubre and Vincent demonstrated that blood transfusions could have a negative impact on the treatment course of ICU patients causing increased mortality [11] . Anemia is a multifactorial process in the ICU and iatrogenic blood loss contributes to about 20% of the total blood loss [2] . For this reason, it is important to diagnose blood loss in a short time by determining Hb levels in geriatric patients.
Hb measurement with an automated whole blood laboratory analyzer is the gold standard for the measurement of Hb concentration providing supplemental diagnostic information such as platelet and white blood cell (WBC) counts. The disadvantage of this technique is the delay in obtaining the results. The time required for blood sampling (venous or arterial), transport to the laboratory, analysis of the blood sample, validation of the measurement and return of the results to the physician with the laboratory analysis is longer than that required for the POCT devices [12] . All of this procedure takes about 60 min in our hospital. HemoCue ® and blood gas analysis system report the Hb levels in shorter than 1 min. Also obtaining blood sample from the capillary site is an easy and non-traumatic way than venous or arterial line. Another advantage of HemoCue ® is that the determination of Hb level by HemoCue ® is a cost-effective and easily used procedure than the automated laboratory measurements [13] .
Seguin et al. compared the Hb values of the patients in the ICU determined by the HemoCue ® and automated laboratory analyzer. The authors did not recommend the use of HemoCue ® for Hb measurement when capillary blood samples are used in the presence of edema [14] . In the present study, four patients (10%) had moderate pitting edema at the sampling site and these edematous patients were hypoalbuminemic. Patients with an albumin level of 3.4 g/dL or less were considered hypoalbuminemic.
Hb values of HemoCue Arterial , HemoCue Capillary and BGA were affected from the peripheral edema compared with the automated laboratory analyzer. Laboratory Hb estimations using the Cell Dyne System are based on alterations in electrical impedance. It is possible that by increasing sample conductivity, hypoalbuminemia in these edematous patients caused bias in the "gold standard" automated laboratory measurements rather than in the HemoCue ® or BGA measurements. The number of the patients in the study by Seguin et al. was more than that in our study. Only four patients had moderate pitting edema in the present study. For this reason, it cannot be considered as statistically meaningful. We estimated that peripheral edema at the sampling site can have an effect on Hb measurement while using POCT devices. Further studies are required for clearer information about the effect of peripheral edema on POCT systems.
In another study, Mimoz et al. found that arterial HemoCue ® was more reliable than capillary HemoCue ® to make a therapeutic decision such as whether a blood transfusion should be performed. However, the authors did not investigate the effect of edema on the HemoCue ® accuracy [15] . In contrast to these studies, Van de Louw et al. compared capillary HemoCue ® with laboratory determination of Hb in patients with gastrointestinal bleeding and they demonstrated that capillary determination of Hb with HemoCue ® was useful in the management of patients with gastrointestinal bleeding in the ICU [16] . Similarly, in another study, no significant difference was found between capillary and venous HemoCue ® values of 247 primary care patients [17] . In our study, we observed a bias of 0.32 g/dL (95% CI −2.5 to 3.14g/dL) between HbHemoCue Capillary and Hb Lab . We observed a bias of 0.66 (95% CI −1.03 to 2.31) between HbHemoCue Arterial and Hb Lab . Our results are in accordance with these studies. We aimed to assess the reliability of Hb values in geriatric patients requiring intensive care with POCT systems compared with the reference method. The variability for capillary blood samples may have been affected by the quality of capillary blood drawing. For this reason in the present study, capillary samples were obtained after the finger puncture and the fourth blood drop was used to fill the microcuvette of HemoCue. Although Bland-Altman analysis showed a better agreement of HemoCue Arterial and HbHemoCue Capillary with Hb Lab than the agreement of Hb BGA with Hb Lab , the results of our study cannot be extended to all available blood gas analysis systems.
The blood gas analyzer system needs to be regularly serviced and efficiently controlled for reliable test results. Also, dry heparinized syringes should be preferred for measurements [13] . Capillary and arterial blood sample collection and measurements were done by the same trained physician in our study to prevent technical problems. We used dry heparinized syringes but further studies are needed comparing POCT devices with the automated laboratory analyzer.
Although a positive correlation was found between the Hb measurements of HemoCue Capillary , blood gas analyzer and automated hematology analyzer, the wide limits of agreement mean clinicians should be careful when making clinical decisions based on the results of these devices. Errors in blood sampling handling such as excess blood outside of microcuvette or samples containing air bubbles or not immediately placed in the HemoCue ® device may cause inaccurate results [18] . Also peripheral edema at the sampling site and large volume fluid administration may explain the variability of the findings between the studies. The wide limits of agreement observed in HemoCue Capillary may be the result of the errors in blood sampling handling.
In this study, we found that Hb measurement in geriatric ICU patients by HemoCue ® was more accurate than by the blood gas analysis system in comparison with automated laboratory measurements. We recommend that HemoCue ® can be used in geriatric ICU patients without peripheral edema to measure the Hb levels with a short analysis time and small amount of blood sample when used correctly.
